Abstract: The objective of this study was to assess whether preoperative breast magnetic resonance imaging (MRI) combined with conventional breast imaging techniques decreases the rates of margin involvement and reexcision.
operative breast magnetic resonance imaging (MRI) combined with conventional breast imaging techniques decreases the rates of margin involvement and reexcision.
Data on patients who underwent surgery for primary operable breast cancer were obtained from the Changhua Christian Hospital (CCH) breast cancer database. The rate of surgical margin involvement and the rate of reoperation were compared between patients who underwent conventional breast imaging modalities (Group A: mammography and sonography) and those who received breast MRI in addition to conventional imaging (Group B: mammography, sonography, and MRI).
A total of 1468 patients were enrolled in this study. Among the 733 patients in Group A, 377 (51.4%) received breast-conserving surgery (BCS) and 356 (48.6%) received mastectomy. Among the 735 patients in Group B, 348 (47.3%) received BCS and 387 (52.7%) received mastectomy. There were no significant differences in operative method between patients who received conventional imaging alone and those that received MRI and conventional imaging (P ¼ 0.13). The rate of detection of pathological multifocal/multicentric breast cancer was markedly higher in patients who received preoperative MRI than in those who underwent conventional imaging alone (14.3% vs 8.6%, P < 0.01). The overall rate of surgical margin involvement was significantly lower in patients who received MRI (5.0%) than in those who received conventional imaging alone (9.0%) (P < 0.01). However, a significant reduction in rate of surgical margin positivity was only observed in patients who received BCS (Group A, 14.6%; Group B, 6.6%, P < 0.01). The overall BCS reoperation rates were 11.7% in the conventional imaging group and 3.2% in the combined MRI group (P < 0.01). There were no significant differences in rate of residual cancer in specimens obtained during reoperation between the 2 preoperative imaging groups (Group A, 50%; Group B, 81.8%, P ¼ 0.09). In multivariate analysis, multifocal/multicentric breast cancer (odds ratio ¼ 2.38, P ¼ 0.02) and without MRI use (odds ratio ¼ 2.35, P < 0.01) were the major predisposing factors to margin involvement in patients received BCS.
Preoperative breast MRI combined with conventional breast imaging results in a lower rate of surgical margin involvement and reoperations in patients who receive BCS.
INTRODUCTION

B
reast cancer treatment involves multidisciplinary and multimodality management, and surgery remains the mainstay of treatment for early stage breast cancer. 1, 2 The goal of surgical resection is to remove the tumor with adequate safe margins. 3, 4 A number of studies have shown that positive margins are associated with higher rates of local recurrence after BCS (lumpectomy with adjuvant radiotherapy), [5] [6] [7] thereby mandating reoperation. 8, 9 A number of ways to optimize margin clearance have been proposed, including intraoperative surgical techniques, such as radioguided surgery and ultrasound-guided resection, intraoperative pathology assessment techniques, and preoperative imaging. 10 Accurate preoperative assessment of tumor location and extension is important for adequate surgical planning. 11 MRI is increasingly being used in the preoperative evaluation of breast cancer [12] [13] [14] [15] and has been reported to have value in estimating tumor size, 11, 16 high sensitivity for detecting ipsilateral and contralateral occult breast lesions, [13] [14] [15] 17 and therefore could be complementary to conventional breast imaging modalities such as mammography and sonography.
Some studies have demonstrated that the high sensitivity of MRI for detecting cancer aids in the selection of patients for BCS [18] [19] [20] and increases the likelihood of obtaining negative margins during the first lumpectomy attempt, 21, 22 reduce reexcision rates, [22] [23] [24] decreasing the rate of ipsilateral tumor recurrence, 25 and the development of new breast cancer on the contralateral side. 25 However, other studies have shown that breast MRI is not associated with improved margin status 12, 24, [26] [27] [28] or a reduction in reoperation, [26] [27] [28] [29] [30] but instead is associated with treatment delay 12 and an increased rate of mastectomy. 12,25,27 -30 In this case-control comparative analysis, we evaluated whether combining breast MRI with conventional imaging techniques results in lower rates of margin involvement and reexcision. We compared the surgical methods and margin status between patients who underwent conventional preoperative imaging and those who received conventional imaging combined with MRI group. We also evaluated whether preoperative breast MRI can predict residual cancer requiring further surgery.
MATERIALS AND METHODS
All patients enrolled at this study had primary operable breast cancer, underwent preoperative mammography and sonography with or without MRI examination during January 2009 to December 2013, and received breast cancer surgery at the Changhua Christian Hospital (CCH), a tertiary medical center in central Taiwan. Patients whose primary tumor was removed before definite cancer operation, those who received neoadjuvant chemotherapy, and patients with incomplete data were excluded. The clinical and pathologic data were collected through chart review of medical, surgical, and pathologic records by a well-trained study nurse (SLC), and the accuracy was confirmed by the principle investigator (HWL). This study was approved by the Institutional Review Board (IRB) of the CCH (IRB number #140404).
In this case-controlled analysis, we retrospectively collected 2 groups of patients for evaluating the effect and value of adding preoperative breast MRI to conventional breast images (mammography and sonography). The proportion of patients at CCH received breast MRI increased dramatically since January of 2011 when our hospital started to cover the expense of breast MRI. To prevent the selection bias of patients who did not receive breast MRI, we decided to choose the control group of patients diagnosed and treated during 2009 to 2010. Because during January 2009 to December 2010, breast MRI was rarely performed, and this could prevent the possible selection bias. As after January 2011, when the breast MRI expanse covered program was started, patients selected for conventional breast images only or combined with MRI images might be biased according to physicians or patients' preference.
A total of 1468 patients fulfilled the inclusion criteria and were enrolled in this study. Patients were stratified into 2 preoperative imaging groups. Group A (n ¼ 733) comprised patients who underwent conventional preoperative imaging (mammography and sonography) and Group B (n ¼ 735) comprised patients who received MRI combined with conventional imaging. Figure 1 shows the flow chart of patients in the present study.
The type of operation (BCS, mastectomy or mastectomy with breast reconstruction), and the rate of surgical margin involvement were compared between the 2 groups of patients. To further evaluate the effect of preoperative breast MRI on the rate of margin positivity, index surgeons, defined as surgeons who had performed more than 100 breast cancer operations, were selected and analyzed. We also analyzed and compared the rate of reoperation among patients with positive margins and the rate of residual cancer detection after reoperation between the 2 image study groups.
To prevent bias from confounding factors, a propensityscore matching 31 was also perform to select 2 groups of patients for further analysis of factors related to margin involvement in primary operable breast cancer patients.
Definition of Surgical Margins
Tumor margins were assessed microscopically by surgical pathologists. All margins were inked before sectioning. Each specimen was serially sectioned at 3-to 5-mm intervals and then stained with hematoxylin and eosin. Pathologic analysis included the assessment of proximity to or the involvement of each margin for invasive carcinoma or carcinoma in situ. When available, the pathology report was examined for the actual margin. Surgical margin involvement in the present study was defined as the presence of cancer cells at the surgical margin or <1 mm from the peripheral margin. Specimen with surgical margins less than 1 mm from the superficial (away from skin flap) or deep (away from pectoralis major muscle) layer of the fascia, where the fibroglandular boundary of the skin and chest wall was located, were not regarded as margin involvement.
IMAGE STUDY Mammography
The mammograms were performed by using 1 of 3 digital mammography systems, a Hologic Selenia Dimension full-field digital mammography system (Hologic, Danbury, CT), Siemens Mammomat Inspiration (Siemens AG, Healthcare Sector, Erlangen, Germany) and the GE Senographe Essential digital mammography system (General Electric Medical Systems, Milwaukee, WI). All women received the standard mediolateral oblique (MLO) and craniocaudal (CC) views. Three radiologists who specialize in breast imaging independently interpreted the mammograms using a 5 MP premium diagnostic grayscale display system (Coronis 5MP Mammo, Barco, Kortrijk, Belgium) on a Picture Archiving and Communication System without using the aid of clinical information, physical examination, or sonography results.
Sonography
The ultrasound sonography procedures were performed with the patient in the supine position. A high-resolution 5 to 12 MHz linear array transducer, including color Doppler ultrasonography (Voluson 530D and 730D, Kretz Technik, Zipf, Austria), was used for imaging acquisition. Recorded images were reported according to the Breast Image Reporting and Data System (BI-RADS). 32 The measurement of tumor size took the echo-poor center of the lesion and the echogenic halo into account. Experienced, board-certified breast physicians performed the whole sonographic examinations.
MRI
The MRI protocol is described in our previous study. 11 Briefly, a Siemens (Verio) 3.0 T magnet MR imaging was used. All patients were imaged with both breasts placed into a dedicated 16-channel breast coil in the prone position. Both breasts were examined with a 60-second interval between each dynamic phase image in the transverse plane. A commercially available MRI computer aid diagnosis (CAD) system (Dyna-CAD Version 2.1 for Breast MRI; Invivo, Gainesville, FL) was used to help analyzing MR images. Experienced, board-certified radiologist specializing in breast imaging (HKW) performed the whole breast MRI readings.
Statistical Analyses
Data are expressed as mean AE standard deviation (SD) for continuous variables. Differences in means of continuous measurements were tested by the Student t test. The Chi-square test was used for categorical comparisons of data. Univariate and multivariate analysis were used to find factors affecting margin involvement and to reduce the possible bias due to confounding variables. Propensity score matching analysis was performed with the package MatchIt in software R (version 3.2.2) to prevent bias from confounding factors. All tests were 2-tailed. A P-value of less than 0.05 was considered to indicate statistical significance. All statistical analyses were performed with the statistical package SPSS (IBM SPSS Statistics for Windows, Version 19.0. Armonk, NY: IBM Corp., Chicago) and accuracy of statistic results was confirmed by statistic expert (YJL).
RESULTS
There were no significant differences between patients who received conventional preoperative imaging alone (Group A, n ¼ 733) and those who underwent preoperative MRI in addition to conventional imaging (Group B, n ¼ 735) in age (52.2 AE 11.4 vs 52.7 AE 10.7, P ¼ 0.31), tumor laterality, tumor size (2.2 AE 1.6 cm vs 2.3 AE 1.6 cm, P ¼ 0.17), positive lymph node rate (33.0% vs 32.8%, P ¼ 0.96), cancer stage, progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER-2) expression (Table 1) .
Among the 733 patients in Group A, 377 (51.4%) received BCS and 356 (48.6%) received mastectomy. In Group B, 348 (47.3%) received BCS and 387 (52.7%) received mastectomy. There were no differences in surgical methods employed between the 2 groups of patients (P ¼ 0.13, Table 2 ). However, the percentage of patients who underwent sentinel lymph node surgery and the percentage of patients who received breast reconstruction surgery were higher in Group B than in Group A (P < 0.01). The rate of detection of pathological multifocal/ multicentric breast cancer was markedly higher in patients who received preoperative MRI than in those who underwent conventional imaging alone (14.3% vs 8.6%, P < 0.01, Table 2 ). The overall rate of surgical margin involvement was significantly higher among patients who received conventional preoperative imaging alone (9%) than among those who combined with preoperative MRI (5%) (P < 0.01). There were no significant differences in rate of margin positivity between patients in Group A and those in Group B who received total mastectomy (3.1% vs 3.6%, P ¼ 0.84) or breast reconstruction (4.9% vs 4.5%, P > 0.99). However, the rate of positive margin involvement was significantly lower in patients who received BCS and preoperative MRI than in those who received conventional imaging alone (6.6% vs 14.6%, P < 0.01, Table 2 ).
Two index surgeons (A and B), defined as surgeons who have performed more than 100 surgeries for breast cancer, were selected to evaluate whether breast MRI affected the surgeon's choice of operation and whether the imaging method was associated with margin positivity in resected specimens (Table 3) . For surgeon A, there was no significant difference in number of BCS procedures performed between the conventional imaging group (158/316) and the MRI group (148/329) (P ¼ 0.21). There were also no significant differences in overall rate of surgical margin involvement between the two groups (7.6% vs 4.9%, P ¼ 0.19) and no significant differences in rates of margin involvement after total mastectomy (1.3% vs 2.2%, P ¼ 0.69), or BCS (13.9% vs 8.1%, P ¼ 0.15) between the 2 groups. For surgeon B, there was no significant difference in number of BCS procedures performed between the conventional imaging group (154/261) and the MRI group (127/216) (P > 0.99). There were also no significant differences in overall rate of surgical margin involvement between the 2 groups (9.2% vs 5.1%, P ¼ 0.11) and no significant differences in rates of All data were presented as mean AE standard deviation (SD). CNB ¼ core needle biopsy, ER ¼ estrogen receptor, FNAC ¼ fine needle aspiration cytology, HER-2 ¼ human epidermal growth factor receptor-2, N/A ¼ not available, PR ¼ progesterone receptor. margin involvement after total mastectomy (6.2% (Group A) vs 6.7% (Group B), P ¼ 0.77). However, the rate of margin positivity in resected specimens in patients who underwent BCS was significantly lower among patients who received MRI than among patients who received conventional preoperative imaging (3.9% vs 11.7%, P ¼ 0.03, Table 3 ).
We also analyzed whether there were differences in the rates of reoperation for cases of margin involvement and the rates of residual cancer detection after reoperation between the 2 image study groups (Table 4) . Of the 103 (7%) patients with margin involvement, 66 had undergone preoperative conventional image studies and 37 had undergone MRI as well as conventional imaging. The overall rate of reoperations in margin involved conditions was significantly higher among patients in the conventional imaging group (66.7%) than among those in the combined MRI group (29.7%, P < 0.01). None of the patients with margin involvement who received total mastectomy in either imaging group underwent a second surgery. The rate of reoperation for patients with margin involvement who received BCS was significantly higher among those who underwent conventional imaging alone (80%) than among those who received preoperative MRI in addition to conventional imaging (47.8%, P < 0.01). The overall BCS reoperation rates were 11.7% (44/377) in the conventional imaging group and 3.2% (11/348) in the combined MRI group (P < 0.01).
In patients with margin involved and undergone reoperations, further BCS could be performed in 68.2% (30/44) of patients in conventional image group and 81.8% (9/11) in combined with MRI group (P ¼ 0.48, Table 4 ). There was no difference in rate of residual breast cancer found at reexcised specimens after BCS between the 2 imaging groups (50% vs 81.8%, P ¼ 0.09). The results of rates about margin involvement, reoperations, mastectomy, and local recurrences in our case-controlled comparative study were compared with other literature reported series and summarized in Table 5 .
The factors affecting margin involvement in patients received BCS were further analyzed with univariate and multivariate analysis. In Table 6 univariate analysis, excision biopsy (odds ratio ¼ 2.08, P ¼ 0.04), without MRI use (conventional breast image only) (odds ratio ¼ 2.38, P ¼ 0.01), and pathological multifocal/multicentric breast cancer (odds ratio ¼ 2.16, P ¼ 0.04) were risk factors for margin involvement in patients received BCS. In multivariate analysis, multifocal/multicentric breast cancer (odds ratio ¼ 2.38, P ¼ 0.02) and without MRI use (odds ratio ¼ 2.35, P < 0.01) were the major predisposing factors for margin involvement. To prevent bias from confounding factors, a propensityscore matching was also perform to select 2 groups of patients for further analysis of factors related to margin involvement in primary operable breast cancer patients (Table 7) . We have 641 patients in conventional image group and combined with breast MRI group. The pathologic margin involvement was 8.3% in conventional image group, and 5% in combined with MRI group (P ¼ 0.03). The margin involvement rate in patients received BCS was 13.5% in conventional image group versus 6.6% in combined with MRI group (P ¼ 0.01). In multivariate analysis (Table 8) , multicentric/multifocal breast cancer (odds ratio¼2.53, P ¼ 0.03), and without MRI use (odds ratio ¼ 1.97, P ¼ 0.02) remained the 2 major factors related to margin involvement in BCS patients.
DISCUSSION
Surgical resection with clear histologic margin remained the main task of surgeons either in BCS or mastectomy. Factors that influence local recurrence include patient age, tumor stage, tumor grade, lymphovascular invasion, molecular subtype, and positive surgical margins. 6, [33] [34] [35] [36] [37] Positive surgical margin has been demonstrated to be the most important and preventable factor associated with recurrence of operable breast cancers. 6, 35, 37 Methods that show promise for minimizing the rate of positive margin involvement 10 include margin index, nomograms, intraoperative ultrasound-guided resection, wireguided localization, radioactive seed localization, standardize cavity shaving, frozen section analysis, and MRI. In a systematic review and meta-analysis, MRI was determined to be the most sensitive preoperative imaging tool for detection of additional or occult disease. 15 In our study, the rate of detection of pathological multifocal/multicentric breast cancer was markedly higher in patients who received preoperative MRI than in those who underwent conventional imaging alone (14.3% vs 8.6%, P < 0.01, Table 2 ). Similar findings have been reported elsewhere. 15, 38 Adding breast MRI to conventional breast imaging did increase the findings of more multifocal/ multicentric breast cancer or disease extent more severe than expected, and therefore might increase the decision to perform a mastectomy. In our case-controlled comparison analysis, the combination of preoperative breast MRI did increase 4.1% mastectomy rate, however, it was statistically nonsignificantly (P ¼ 0.13). In Killelea et al's study, 39 they found that ''when compared with the women who did not have an MRI, the women with a normal MRI or a benign biopsy actually had an increased lumpectomy rate (66% and 62%). Thus, some women who were considering mastectomy may have chosen lumpectomy based on the MRI results. This may explain why the use of MRI had a relatively modest effect overall on the lumpectomy rate.'' Our study also supported this finding that when breast MRI showed unifocal breast cancer, which was consistent with previous mammography and/or sonographic findings, then patients and surgeons were more convinced to receive BCS.
From Table 2 , about 7.9% (4.1%/51.4%) of patients would change their surgery from BCS to mastectomy due to the addition of breast MRI. The margin involved rate in patients received BCS decreased from 14.6% (conventional breast image group) to 6.6% (combined with preoperative MRI group) (P < 0.01). About 54.8% (8%/14.6%) of previous margin involved BCS patients was prevented after combining preoperative breast MRI to conventional breast images. Combining with preoperative breast MRI could help us to find a group of patients with higher risk of margin involvement for BCS. The allocation of this high-risk group of patients to mastectomy (with or without breast reconstruction) would greatly decrease margin involved rate for patients receiving BCS. We found that a 54.8% decrease ratio of margin involvement in BCS patients was derived from the change of 7.9% patients, who might not be suitable for BCS. The development of nipple sparing type of mastectomy 40 did increase patients' will to perform mastectomy with reconstruction when preoperative MRI revealed disease extent larger than expected (39.8% breast reconstruction rate in combined MRI group vs 17.1% in conventional image group, P < 0.01, Table 2 ). From the observation of this casecontrolled comparison analysis, we speculated that adding preoperative breast MRI to conventional breast images could help physicians to pick up a group of patients who were not suitable for BCS and allocate them to receive mastectomy could greatly decrease the surgical margin involved rate.
Studies that have investigated whether preoperative MRI results in lower rates of margin involvement, and local recurrence have provided conflicting results (Table 5) . 12, 15, 25, 28, 30, 41 Obdeijn et al 22 in a case-controlled study showed that the margin positive rate was significantly decreased in MRI group compared with controlled no MRI group (15.8% vs 29.3%, P < 0.01). However, other studies have failed to show that breast MRI is associated with improved margin status. 12, 24, [26] [27] [28] Fischer et al 25 showed that the ipsilateral tumor recurrence and the development of new breast cancer on the contralateral side were decreased in cased who received preoperative breast MRI evaluation. Other studies did not show adding preoperative MRI to conventional breast imaging would statistically decrease local recurrence. 24, 26, 29 In our present study, without MRI use (conventional breast image only) was associated with increased risk (Odds ratio ¼ 2.35, P < 0.01, Table 6 ) of margin involvement in patients received BCS in multivariate analysis. To reduce the bias from possible confounding factors, the propensity score matching were performed and we repeat the analysis (Tables 7 and 8 ). In multivariate analysis, multicentric/multifocal breast cancer (odds ratio ¼ 2.53, CI ¼ 0.02-1.75, P ¼ 0.03), and without MRI use (odds ratio ¼ 1.97, CI ¼ 0.10-1.28, P ¼ 0.02) remained the 2 major factors related to margin involvement in BCS patients. An increased rate of mastectomy were observed in some studies, 12,25,27 -30 however, other studies showed MRI was not associated with increased mastectomy rate. 23, 25 In contrast to the ''negative impact'' results, 12, 27, 28 which found that MRI was associated with an increased mastectomy rate but was not 42 There is increasing evidence that a negative margin should be defined in samples with no tumor on the inked margin. 3, 43 However, in this study, we defined a positive margin as one in which tumor cells were seen within 1 mm from peripheral inked margins because many studies have shown that margins <1 mm are associated with high risk of residual disease. 9, 44, 45 Patients with positive margins are usually advised to receive further surgery to prevent local recurrence. 7, 8, 44 However, up to 50% of specimens taken during reoperation do not show evidence of residual breast cancer. 8, 9, 45 Some studies showed that preoperative breast MRI could reduce reexcision rates, [22] [23] [24] but other studies did not revealed a reduction in reoperations [26] [27] [28] [29] [30] ( Table 5 ). In our study, we found that the use of preoperative breast MRI was associated with a significantly lower rate of reoperation than conventional imaging among patients with positive margins after BCS (47.8% vs 80%, P < 0.01). This decreased of reoperation in combined with MRI group might be that the surgeons would suppose that the residual cancer would be less as preoperative MRI did not show other multifocal or multicentric lesions for patients selected for BCS. Thus the overall rates of reoperation among patients who underwent BCS were 11.7% (44/377) in the conventional imaging group and 3.2% (11/348) in the MRI group (P < 0.01). Although we found that combining MRI with mammography and sonography was associated with a reduction in the number of reoperations, there was no significant difference in the rate of residual cancer detection in the reexcised specimens between patients who received conventional imaging only and those who received MRI preoperatively (50% vs 81.8%, P ¼ 0.09).
In present study, we tried to understand the impact of adding breast MRI to conventional breast images on the effect of individual breast surgeons. In the past, most studies reported the impact of breast MRI was derived from a mixture of different experience of surgeons and disease severity of patients. This could mask the real effect of adding preoperative breast MRI upon physicians and their performance on patients' outcome. Fortunately, we had 2 index surgeons, defined as having more than 100 breast cancer operations in each of 2 imaging survey periods, for evaluation. During the study period in our hospital, more than 10 surgeons were found for the operations done in the 1468 patients. Index surgeon was chose to prevent the bias of inadequate surgical techniques or inexperience about breast imaging tools (either conventional breast images or combined with breast MRI) on the outcome of margin involvement. From these 2 index breast surgeons, we could see the impact of breast MRI on the practice or medical behavior on the breast cancer patients (Table 3) . We found that for experienced breast surgeons, adding breast MRI did not increase mastectomy rate significantly, and a decrease of surgical margin involved rate in BCS patients were observed.
Limitations in this study include its retrospective nature and possible selection bias. Designing a case-controlled comparison analysis, we try to have 2 groups of patients with comparable characteristics, like patients' age, tumor size, lymph node status, and stages. However, as most of the retrospective cases collective analysis, we could not have all the characteristics (or variables) comparable or equal. The related lower estrogen receptor (ER) expression (75% vs 79%, P < 0.05), and higher histologic grade in conventional image group than combined with breast MRI group might be also selection bias related (Table 1) . Furthermore, patients diagnosed and treated during 2009 to 2010, would have slightly higher proportion of patients diagnosed with excision biopsy or less percentage of patients received sentinel lymph node biopsy than patients diagnosed after January 2011. To prevent bias derived from confounding factors, we had performed the propensity score matching to reduce possible selection bias in this retrospective study. The lack of long-term follow-up results in present study could not answer whether preoperative MRI would decrease ipsilateral tumor recurrence or prolong disease-free survival. Nonetheless, our results clearly demonstrate that preoperative MRI combined with mammography and sonography results in a lower rate of positive surgical margins and reoperations than conventional preoperative imaging.
In conclusion, we found that preoperative breast MRI combined with conventional breast imaging would detect more multifocal/multicentric breast cancer, which was the major predisposing factor for margin involvement. The combination of breast MRI resulted in a lower rate of surgical margin involvement in patients who underwent BCS but not in patients who underwent mastectomy. Breast MRI was also associated with a higher rate of breast reconstruction in patients who underwent mastectomy and a lower rate of reoperation in patients with margin involvement who underwent BCS. MR images obtained preoperatively, however, were not sufficient for predicting residual cancer after excision.
